We report on the measurement of T 2 for several rotational transitions of CH3C 15 N. The transient emission signal is investigated at different temperatures for the pure gas and mixtures with He and H2, and effective collision diameters are derived from the pressure dependence of T 2 .
I. Introduction II. Theory
Transient experiments in gas phase microwave spectroscopy have been developed in the past few years to investigate molecular rotational relaxation processes [1] . The information on bulk relaxation data obtained from these studies may be useful to understand molecular collision dynamics and thereby the intermolecular potential. Such information has also become important for elucidating the nonthermal rotational energy distribution of interstellar molecules.
Transient microwave experiments have predominantly been carried out on two-level quantum mechanical systems. The relaxation times T1 and T2 which describe phenomenologically the decay of population difference and induced polarisation to equilibrium, respectively, are obtained from such time-domain experiments.
We report here on the measurement of T2 on several rotational transitions of an isotope of methyl cyanide, CH3C
15 N, by analysis of the transient emission signal. This time-resolved experimental technique is complementary to the more traditional line-width measurements which are complicated by the additional effects of power and modulation broadening. In addition, transient Stark-switching technique is easier to apply to the study of the M-dependence of relaxation times [2] .
The theory describing the observed transient phenomena is briefly summarized in Section II. In Sect. Ill we report on the experimental setup and the results for the pressure and temperature dependence of T2 for the pure gas and for mixtures with He and H2. The basic Bloch-type equations which govern the interaction of coherent electromagnetic radiation with a quantum-mechanical system undergoing collisional relaxation are derived in detail elsewhere [3] . An extended treatment also valid in the case of non-vanishing diagonal dipole matrix elements has been given recently [4] , We present here only the results.
Within the rotating wave approximation*, the time dependence of the Fourier components, PT and Pi, of the polarisation, together with the two-level population difference AN are determined by three coupled differential equations,
where e is the electric field amplitude of the polarizing radiation. The relaxation of AN to its Boltzmann equilibrium value AN0 is described by T\, the relaxation time T2 is a measure of the decay of polarization, PT and Pi, to zero equilibrium. A co is the difference between molecular transition angular frequency a>o and the angular frequency co of the radiation. * is proportional to the transition electric dipole matrix element, x = 2| / a a b|/^-We are interested here in solutions of Eq. (1) which are applicable to the analysis of the transient emission signal to determine the relaxation time T2 • Transient emission is observed when the system is brought from resonance with the coherent radiation into far-off resonance in times which are short with respect to the relaxation times. Experimentally such switching of the resonance condition may be performed by using the molecular Stark-effect to switch the molecular energy level difference as described in detail in the following section. The transient emission signal which is observed at the output of a square law diode detector may be interpreted as the beat of the microwave radiation from the external source with the field emitted from the polarized molecular sample.
Neglecting the velocity distribution of molecules, we have [4] AkL .sin
cos \Acot AkL (2) Pi (0) is the initial value of Pi at time t = 0 when the system is switched out of resonance; L is the absorption cell length, ß a constant characterizing the diode efficiency, and Ak^Aco/c the change of wave vector k due to Stark-switching. In order to account for the motion of molecules (Doppler-effect) one has to integrate Eq. (2) over the Maxwell velocity distribution along the direction of the wave propagation, replacing Aco in Eq. (2) which holds for the experimental conditions (see Section III). Recently it has been shown from frequency domain considerations [5] that Eq. (3) applies also for propagating or standing waves in a waveguide. The resulting expression which is known as a Voigt profile represents the Fourier Transform of Eq. (3) in the low power limit [6] .
III. Experimental and Results
The experimental arrangement which was used for the observation of the transient signals is schematically shown in Figure 1 . The microwave radiation was supplied from phase stabilized BWO's and fed into a conventional Stark cell consisting of a rectangular waveguide (with inner dimensions 1 x 4.7 cm) and a tefloninsulated Stark septum. For the pressure measurements a MKS-Baratron 310B capacitance manometer was used. In order to stabilize the pressure and minimize the influence of selective adsorption of the mixture components on the walls of the sample system we attached a 20 1 bulb. To allow for temperature variation (room temperature to -70 °C) the cell was cooled with methanol flowing through a cooling jacket. For further analysis of the transient signal the data were transferred to a PDP-11 computer. Due to the fact that the computer was about 50 m apart, the binary data were converted to BCD code and then transmitted bit parallel/data seriell. The controlling computer program takes care of the large voltage swing on the transmission line by waiting until the output is stable.
The programm also converts the incoming BCD data to the internal real number representation and makes them available to the analysis program.
The sample gas consisted of 95% CH 3 C 15 N and 5% CH3C 14 X. NO impurities which could influence the results were found from a gas chromatogram. The sample pressure was varied from about 1 to 20 mTorr for the pure gas. The partial pressures for the foreign gases (He. H2) were in the range of 0 to 150 mTorr. The method to determine the partial pressures and check the reliability of the mixing procedure has been described in detail elsewhere [7] .
For the pure gas, we measured at room temperature the pressure dependence of 1 jT-> for the tran- Table 1 .
To demonstrate the observed signal behaviour, the transient absorption (7r/2-pulse)-emission signal is show n for the (1,0, 0)-(2, 0. 0) transition at two different pressures in Figure 2 . The Stark pulse which brings the molecules into resonance with the microwaves is relatively short (~300nsec) due to the large transition dipole moment of CH3CN. For the same reason, to minimize the influence of faroff resonant absorption in the transient emission period, the frequency offset has been chosen to be relatively high (beat frequency ~ 8 MHz). 
K=±l,l=±t [9] and emits at the frequency of the K = + 1 component which appreciably disturbs the emission signal under consideration. As seen from Fig. 3 this problem is circumvented by switching from (c) to the small Stark field (b) where the K = 0, M = 0 transition is shifted about 80 kHz from zero field frequency. The transient emission of this transition now takes place in the presence of a small electric field, which is slightly inhomogeneous according to the type of Stark cell used in the experiment. Such field inhomogeneity gives rise to an additional dephasing of the coherently prepared molecules and thus leads to a faster TVdecay. In order to estimate the magnitude of this effect, we have also investigated the transient emission signal for two other offset voltages (35 V and 45 V). Within the given uncertainties of the pressure dependence of 1 / as discussed later in this section, we found no significant variation of the results which are given in Table I Table I do not reflect systematic deviations which are primarily due to shifts in pressure (<0.1 mTorr) and temperature (< 1 °C). These inaccuracies of the experimental conditions lead to an additional error for the slope 3 • 10~3 |i.sec -1 mTorr -1 ) and the intercept 4 • 10~2 jxsec -1 ). The intercept is caused by collisions of molecules with the walls of the sample cell. This wall collision contribution to I/T2 may be estimated to be approximately 4 • 10 -2 [xsec -1 by using simple kinetic arguments [5] . For the ground transition at 1.7 mTorr. However, the Stark baseline could be adjusted well enough to zero (accuracy 0.02 V) such that the apparent intercept discrepancy cannot be explained by a residual electric field which is produced by the Stark generator. It seems reasonable to assume that the presence of static electric charges, most probably located on the teflon insulation of the Stark septum, gives rise to small electric field components which cause spatial incoherence and thus affect the ^-relaxation. It is difficult to account for this effect quantitatively as the magnitude of these electric fields at different points of the sample cell is not known. To get an estimate of its influence on the determination of the pressure dependence of 1 / To,, we have made the assumption that the frequency shifts which are induced by such local fields are normal distributed with the respect to zero field molecular transition frequency. Then, as shown in the appendix, the resulting transient emission signal may be given analytically by Eq. (3) where the "Dopplercorrection" constant q is not only determined by the velocity distribution of molecules but also by the interfering fields. By adjusting this constant empirically * * such that the intercept for the pressure dependence of I/T2 agrees with the estimate of 0.04 [xsec -1 , the resulting slope will also be affected. As an example, Fig. 4 shows the measured I/T2 values at different pressures together with the cor-** The factor q had to be chosen to be approximately a quarter of the value from Doppler-contribution, corresponding to a field distribution of about 100 mV/cm (HWHM) with respect to zero field. rected points for the
transition at room temperature. Though less accurately determined, the corrected slope values (see Table I ) are thought to be a better approach to the IVrelaxation on account of molecular collisions.
For the mixtures the dependence of I/T2 on the partial pressure is linear in the binary collision approximation, 1/T 2 = a + ßPcmcx + 7^He(H 2 )-The coefficients y were obtained from a linear least squares fit and are given in Table II . The independence of the CH3CN partial pressure is demonstrated for the K = ± 1 line. Systematic deviations which arise from pressure and temperature shifts, partial pressure inaccuracies and electretic fields (for the K = ± 1 line ***) are not covered by the given standard deviation and are estimated to be approximately 5%.
IV. Discussion
As seen from the results in Table I the ^-relaxation for the pure gas is significantly faster for the ground state J = 0 -1 transition as compared to the J = 1-2 transition. The same tendency has been obtained from linewidth studies for the normal species CH3C
14 N, carried out by Story et al. [10] , Srivastava et al. [11] , and Roberts et al. [12] . The *** Compared to the pure gas, the local interfering fields were found to be less effective in shifting the smaller pressure coefficients for the mixtures. pressure broadening parameters Av p , as obtained by these authors, are given in Table III together with our results for the corresponding transition of the isotopic species. The apparent discrepancy of the experimental results for the two species is thought to be primarily due to the interfering quadrupole hvperfine structure of the CH3C 14 N lines which does not exist for the isotopic species and which has not been considered explicitely in the line-width studies. In addition, for the .7=1 -2, K -0 transition, no line shape correction has been carried out to account for the overlapping K = ± 1 line which is only 0.5 MHz apart. In our study, this interfering effect is circumvented by the Starkswitching technique; see discussion in Section III. The results from theoretical linewidth calculations, also given in Table III , confirm the J-dependence behaviour and are in better accordance with our measurements.
It is possible to describe the temperature dependence of T2 by comparing the results of the measurements at temperature T with those at room temperature (~300°K) [13] :
The coefficient q was derived from a least squares procedure to be Table IV. For colliding hard spheres, b e u would be temperature independent. The large value for the pure gas indicates the long range nature of the intermolecular potential which is predominantly due to dipoledipole interaction. The relaxation by collisions with He or H2 is governed by higher order interaction terms, such as dipole-induced dipole and dispersion interaction, which leads to smaller values for 6 e ff in the order of the molecular nuclear frame dimension. The dipole-quadrupole interaction, absent for He, probably contributes to the larger value of 6 e ff describing collisions of CH3CN with H2. implies that the corresponding frequency variations are predominantly within the power and pressure broadened linewidth of the transition, Z1S(<) = $f(öco)Ae-'l T >e-< 2 l 4 « 2
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